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Field of the Invention 

The invention relates to compositions and methods for identifying G-protein 
coupled receptors (GPCRs) and compounds that modulate activity of G-proteins or their 

receptors. 



Background 

Many physiological signals (e.g., sensory, hormonal and neurotransmitter signals) 
are transduced from extracellular to intracellular environments by cell surface receptors 
termed G- P rotein coupled receptors (GPCRs) (for a review, see Neer, 1995, Cell 80:249- 
257). Typically, GPCRs contain seven transmembrane domains. Putative GPCRs can be 
identified on the basis of sequence homology to known GPCRs. 

GPCRs mediate signal transduction across a cell membrane upon the binding of a 
ligand to an extracellular portion of a GPCR. The intracellular portion of a GPCR 
interacts with a G-protein to modulate signal transduction from outside to inside a cell. A 
GPCR is therefore said to be "coupled" to a G-protein. G-proteins are composed of three 
polypeptide subunits: an a subunit, which binds and hydolyzes GTP, and a dimeric P y 
subunit. In the basal, inactive state, the G-protein exists as a heterotrimer of the a and p Y 
subunits. When the G-protein is inactive, guanosine diphosphate (GDP) is associated 
with the a subunit of the G- P rotein. When a GPCR is bound and activated by a ligand, 
the GPCR binds to the G-protein heterotrimer and decreases the affinity of the Ga 
subunit for GDP. In its active state, the G submit exchanges GDP for guanine 
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triphosphate (GTP) and active Gcc subunit disassociates from both the receptor and the 
dimeric p Y subunit. The disassociated, active Got subunit transduces signals to effectors 
that are "downstream" in the G-protein signalling pathway within the cell. Eventually, 
the G-protein's endogenous GTPase activity returns active G subunit to its inactive state, 
in which it is associated with GDP and the dimeric p> subunit. 

Numerous members of the heterotrimeric G-protein family have been cloned, 
including more than 20 genes encoding various Ga subunits. The various G subunits 
have been categorized into four families, on the basis of amino acid sequences and 
functional homology. These four families are termed Gcc s , Go* Ga q , and Go 12 . 
Functionally, these four families differ with respect to the intracellular signaling 
pathways that they activate and the GPCR to which they couple. 

For example, certain GPCRs normally couple with Gcc s and, through Gct s , these 
GPCRs stimulate adenylyl cyclase activity. Other GPCRs normally couple with Go* and 
through Ga q , these GPCRs can activate phospholipase C (PLC), such as the (J isoform of 
phospholipL C (PLCP) (Stemweis and Smrcka, 1992, Trends in Biochem. Sci. 17:502- 

506). 

Certain G-proteins are considered "promiscuous" G-proteins because their G 
subunits allow them to couple with GPCRs that normally couple with G-proteins of other 
families. For example, two members of the Ga q family, human Ga 16 and its murine 
homolog Ga l5 , have been shown in transient cell-based systems to possess promiscuous 
receptor coupling. Although G-proteins having these G subunits are promiscuous with 
respect to the GPCR with which they couple, these G-proteins retain the ability to couple 
with a specific downstream effector. In other words, regardless of which receptor is used 
to activate these G-proteins, the active promiscuous G subunit nonetheless activates 
PLCP- 
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Summary of the invention 
The invention provides for the firsUime, a stable, isolated cell that expresses, 
from a construct, a Ga subunit of a promiscuous G-protein (e.g., Ga 15 or Ga 16 ). In a 
preferred embodiment, a polynucleotide encoding a promiscuous G subunit is linked to 
an inducible promoter on the construct. To detect activation of the promiscuous G- 
protein, the cell can include an additional construct that includes a reporter gene operably 
linked to a promoter that is activated (usually indirectly) by an active G subunit of a 
promiscuous G-protein. For the first time, these cells allow occupation of any G-protein 
coupled receptor (GPCR) by a ligand to be detected using a signal transduction detection 
system, such as expression of a reporter gene. Other signal transduction detection 
systems include detecting changes in intracellular activity, such as methods of detecting 
G-protein activation from changes in calcium levels in the cell. Preferred methods for 
detecting expression of the reporter gene involve detecting a change in fluorescence 
emission from a sample that includes the cell containing the reporter gene. 

Another key aspect of the invention is functional selection of stable cell lines. 
Stable cell lines can be functionally selected using a signal transduction detection system 
as described herein. Stable cells are generated that tolerate the expression of a target 
protein (such as an ion channel, kinase, phospholipase, phosphatase, transcription factors 
or GPCR) or a signal transduction coupling protein (e.g. G protein) or both. 

The cells of the invention can be employed in methods for (i) detemining 
whether a polypeptide is a GPCR for a given ligand; (ii) determining whether a " test" 
ligand is a ligand for a given GPCR; (iii) functionally characterizing the ability of a 
ligand to activate various GPCRs; and (iv) determining whether a compound modulates 
signal transduction in a cell (e.g., as an agonist or antagonist). 

Another aspect of the invention includes, a method of a identifying of a ligand for 

a GPCR, the method comprising: 

a) contacting a cell with a test chemical, wherein said cell is expressing a GPCR and 
arises from a cell line subjected to functional cell analysis with a signal 
transduction detection system ; and 

b) detecting a signal with a signal transduction detection system. 
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A related aspect of the invention includes, a method for identifying modulators of 
signal transduction in a cell, the method comprising: 

c) contacting a cell with a compound that directly or indirectly activates a Gcc 
protein encoded by a polynucleotide, wherein said cell arises from a cell line 
subjected to functional cell analysis with a signal transduction detection system, 

d) contacting said cell with a test chemical, and 

e) detecting a signal with a signal transduction detection system. 

The invention also includes, a method for identifying a GPCR for a given ligand 
or method of identifying a modulator of a GPCR, the method comprising: 

f) expressing a putative GPCR or a GPCR of known function in a cell, wherein said 
cell arises from a cell line subjected to functional cell analysis with a signal 
transduction detection system; 

g) contacting contacting said cell with a test chemical or a ligand known to be a 

GPCR ligand; and 

h) detecting a calcium level within said cell. 

Also included within the invention, are kits that components for signal 
transduction detection systems and cells of the invention. 

The invention also includes methods of identifying modulators that do not employ 
a GPCR, but which employ direct activators of G-proteins. 
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Brief Description of the Drawings 

Fig. 1 shows uses of promiscuous Ga-protein to detect activation of a variety of 
GPCRs. Three major classes of GPCRs are diagrammed coupling to their endogenous 
signaling cascade. Promiscuous G-protein expression will allow various classes to 

couple to the PLC cascade. 

Fig. 2 shows one embodiment of the invention that can be used for screening for 
Gq type G-protein activation. Modulation of GPCR activity initiates signaling cascade 
via PLC. PLC signals can be detected using NFAT responsive element linked to a 
transcriptional readout (e.g. reporter gene). 

Fig. 3 is acopy of a photograph of a Western blot. Lanes corresponding to 
samples that lacked or contained doxycyclin are indicated by «<-" and '<+" respectively. 
Lanes 1-4 show inducible expression of Ga I5 in two distinct clones of COS-7 cells. 
Lanes 5-8 show inducible expression of Ga l6 in two distinct clones. Ga 15 and Ga 16 each 
appear as a species having a molecular weight of approximately 43 kDA in each of the 
"+» lanes. As a negative control, COS-7 cells were analyzed in lane 9. The predicted 
molecular weight of Ga subunit is 43-45 kDa. 

Fig. 4A is a graph showing the ionomycin dose response, as measured by 
fluorescence emission of living cells that express p-lactamase reporter gene, and which 
were contacted with a fluorogenic p-lactamase substrate. Because the NFAT response 
element usually requires both a calcium increase and protein kinase C activation, these 
cells were also treated with lOnm PMA Fig. 4B is a graph showing the PMA dose 
response of living cells that express a p-lactamase reporter gene, and which were 
contacted with a fluorogenic p-lactamase substrate. In this case, all samples were also 

treated with 2uM ionomycin. 

Fig. 5 is a graphic representation of the emission spectrum of the p-lactamase 
substrate CCF2 before and after it is cleaved by p-lactamase. 

Fig. 6 shows the results of an NFAT p-lactamase transcription based assay using a 
heterologouly express GPCR (Gq subtype) in the presence of agonist, agonist and 
antagonist or solvent for agonist ("non-stimulated" control). 
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Fig. T$L activation of a Gas subtype GPCR (panels A-C) and a Gai subtype 
GPCR (panels D-F) using promiscuous Ga protein in a cell-based (transient transfection 
of all constructs) calcium indicator assay (FURA-PE3). 

Panel A: 60 seconds after starting of the experiment, lOuM agonist solution was 
added to the cells transfected by P CIS/Gal6 and Gs-receptor expression plasmids. 

Panel B: 60 seconds after starting of the experiment, lOuM agoinst solution was 
added to the cells transfected by both pCIS/Ga 16 alone. 

Panel C: 60 seconds after starting of the experiment, lOuM agonist solution was 
added to the cells transfected by Gas receptor expression plasmid alone. 

Panel D: 60 seconds after starting of the experiment, lOuM agonist solution was 
added to the cells transfected by P CIS/Gal6 and Gai-receptor expression plasmids. 

Panel E: 60 seconds after starting of the experiment, lOuM agonist solution was 
added to the cells transfected by pCIS/Ga 1 6 alone. 

Panel F: 60 seconds after starting of the experiment, lOuM agonist solution was 
added to the cells transfected by Gai-receptor expression plasmid alone. 

Fig. Sfs^ws activation of a Gas subtype GPCR using promiscuous Ga protein in 
a cell-based (stably transfected constructs for both the promiscuous Ga-protein and 

GPCR) calcium indicator assay. 

Panel A: Calcium imaging of the Gal 5/Gas-receptor dual stable pool-2. lOum 

agonist was added 40 seconds after the starting of the experiment. 

Panel B: Calcium imaging of the Gas-receptor stable pool-2. lOuM agonist was 
added 40 seconds after the starting of the experiment. 

Panel C: Clacium imaging of the Gal 5 stable pool-H. lOuM agoinst was added 

40 seconds after the starting of the experiment. 
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Definitions 

Unless defined otherwise, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 
inventionbelongs. Generally, the nomenclature used herein and the laboratory 
procedures in spectroscopy, drug discovery, cell culture, and molecular genet.cs, 
described below are those well known and commonly employed in the art. Standard 
techniques are typical.y used for preparation of signal detection, recombinant nuclerc actd . 
methods, polynucleotide synthesis, and microbial culture and transformatron (e.g„ 
electroporation, and lipofection). The techniques and procedures are generally performed 
according to conventional methods in the art and various general references (see 
generally, Sambrook et al. Molecular Cloning: A Laboratory Manual, 2d ed. (1989) Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., and Lakowicz, J.R. 
Principles of Fluorescence Spectroscopy, New York: Plenum Press (1983) for 
fluorescence techniques, which are incorporated herein by reference) which are provrded 
throughout this document. Standard techniques are used for chemical syntheses, 
chemical analyses, and biological assays. As employed throughout the disclosure, the 
following terms, unless otherwise indicated, shall be understood to have the followng 
meanings: 

••Fluorescent donor moiety" refers to the radical of a fluorogenic compound, winch can 
absorb energy and is capable of transferring the energy to another fluorogenic molecule or part 
of a compound, Suitable donor fluorogenic molecules include, bu, are not limited to, coumarms 
and related dyes xanthene dyes such as fluoresceins, rhodols, and rhodamines, resorufins, 
cyanine dyes, bimanes, acridines, isoindoles, dansy. dyes, aminophthahc hydrazides such as 
luminol and isoluminol derivatives, aminophthahmides, aminonaphfhalimides, 
arninobenzofurans, aminoquinolines, dicyanohydroquinones, and europium and terbtum 

complexes and related compounds. 

"Quencher" refers to a chromophoric molecule or part of a compound, which is 
capable of reducing the emission from a fluorescent donor when attached to the donor. 
Quenching may occur by any of several mechanisms including fluorescence resonance 
energy transfer, photoinduced electron transfer, paramagnetic enhancement of 
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intersystem crossing, Dexter exchange coupling, and excitation coupling such as the 

formation of dark complexes. 

"Acceptor" refers to a quencher that operates via fluorescence resonance energy 
transfer. Many acceptors can re-emit the transferred as energy as fluorescence. Examples 
include coumarins and related fluorophores, xanthenes such as fluoresceins, rhodols, and 
rhodamines, resorufins, cyanines, difluoroboradiazaindacenes, and phthalocyanines. 
Other chemical classes of acceptors generally do not re-emit the transferred energy. 
Examples include indigos, benzoquinones, anthraquinones, azo compounds, nitro 
compounds, indoanilines, di- and triphenylmethanes. 

"Binding pair" refers to two moieties (e.g. chemical or biochemical) that have an 
affinity for one another. Examples of binding pairs include antigen/antibodies, 
lectin/avidin, target polynucleotide/probe oligonucleotide, antibody/anti-antibody, 
receptor/ligand, enzyme/ligand and the like. "One member of a binding pair" refers to 
one moiety of the pair, such as an antigen or ligand. 

"Dye" refers to a molecule or part of a compound that absorbs specific 
frequencies of light, including but not limited to ultraviolet light. The terms "dye" and 
"chromophore" are synonymous. 

"Fluorophore" refers to a chromophore that fluoresces. 

"Membrane-permeant derivative" refers a chemical derivative of a compound that 
has enhanced membrane permeability compared to an underivativized compound. 
Examples include ester, ether and carbamate derivatives. These derivatives are made 
better able to cross cell membranes, i.e. membrane permeant, because hydrophilic groups 
are masked to provide more hydrophobic derivatives. Also, masking groups are designed 
to be cleaved from a precursor (e.g., fluorogenic substrate precursor) within the cell to 
generate the derived substrate intracellularly. Because the substrate is more hydrophilic 
than the membrane permeant derivative it is now trapped within the cells. 

"Isolated polynucleotide" refers a polynucleotide of genomic, cDNA, or synthetic 
origin or some combination there of, which by virtue of its origin the "isolated 
polynucleotide" (1) is not associated with the cell in which the "isolated polynucleotide" 
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is found in nature, or (2) is operably linked to a polynucleotide which it is not linked to in 

nature. 

"Isolated protein" refers a protein, usually of cDNA, recombinant RNA, or 
synthetic origin or some combination thereof, which by virtue of its origin the "isolated 
protein" (1) is not associated with proteins that it is normally found with in nature, (2) is 
isolated from the cell in which it normally occurs, (3) is isolated free of other proteins 
from the same cellular source, e.g. free of human proteins, (4) is expressed by a cell from 
a different species, or (5) does not occur in nature. "Isolated naturally occurring protein- 
refers to a protein which by virtue of its origin the "isolated naturally occurring protein" 
(1) is not associated with proteins that it is normally found with in nature, or (2) is 
isolated from the cell in which it normally occurs or (3) is isolated free of other proteins 
from the same cellular source, e.g. free of human proteins. 

"Polypeptide" as used herein as a generic term to refer to native protein, 
fragments, or analogs of a polypeptide sequence. Hence, native protein, fragments, and 
analogs are species of the polypeptide genus. Preferred Get polypeptides, include those 
with the polypeptide sequence represented in the SEQUENCE ID LISTING and any 
other protein having activity similar to such Gcc proteins as measured by one or more of 
the assays described herein. SEQ. ID NO, 1 is Ga 16 (murine). SEQ. ID NO. 2 is Ga 15 
(human). Ga polypeptides or proteins can include any protein having sufficient activity 
for detection in the assays described herein. 

"Naturally-occurring" as used herein, as applied to an object, refers to the fact that 
an object can be found in nature. For example, a polypeptide or polynucleotide sequence 
that is present in an organism (including viruses) that can be isolated from a source in 
nature and which has not been intentionally modified by man in the laboratory is 
naturally-occurring. 

"Operably linked" refers to a juxtaposition wherein the components so described 
are in a relationship permitting them to function in their intended manner. A control 
sequence "operably linked" to a coding sequence is ligated in such a way that expression 
of the coding sequence is achieved under conditions compatible with the control 
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sequences, such as when the appropriate molecules (e.g., inducers and polymerases) are 
bound to the control or regulatory sequence(s). 

"Control sequence" refers to polynucleotide sequences which are necessary to 
effect the expression of coding and non-coding sequences to which they are ligated. The 
nature of such control sequences differs depending upon the host organism; in 
prokaryotes, such control sequences generally include promoter, ribosomal binding site, 
and transcription termination sequence; in eukaryotes, generally, such control sequences 
include promoters and transcription termination sequence. The term "control sequences- 
is intended to include, at a minimum, components whose presence can influence 
expression, and can also include additional components whose presence is advantageous, 
for example, leader sequences and fusion partner sequences. 

"Polynucleotide" refers to a polymeric form of nucleotides of at least 10 bases in 
length, either ribonucleotides or deoxynucleotides or a modified form of either type of 
nucleotide. The term includes single and double stranded forms of DNA. 

Two amino acid sequences are homologous if there is a partial or complete 
identity between their sequences. For example, 85% homology means that 85% of the 
amino acids are identical when the two sequences are aligned for maximum matching. 
Gaps (in either of the two sequences being matched) are allowed in maximizing 
matching; gap lengths of 5 or less are preferred with 2 or less being more preferred. 
Alternatively and preferably, two protein sequences (or polypeptide sequences derived 
from them of at least 30 amino acids in length) are homologous, as this term is used 
herein, if they have an alignment score of at more than 5 (in standard deviation units) 
using the program ALIGN with the mutation data matrix and a gap penalty of 6 or 
greater. See Dayhoff, M.O., in Atlas of Protein Sequence and Structure, 1972, Volume 5, 
National Biomedical Research Foundation, pp. 101-1 10, and Supplement 2 to this 
volume, pp. 1-10. The two sequences or parts thereof are more preferably homologous if 
their amino acids are greater than or equal to 30% identical when optimally aligned using 

the ALIGN program. 

"Corresponds to" refers to a sequence that is homologous (i.e., is identical, not 

strictly evolutionarily related) to all or a portion of a reference sequence. 
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The following terms are used to describe the sequence relationships between two 
or more polynucleotides: "reference sequence," "comparison window," "sequence 
identity," "percentage of sequence identity," and "substantial identity." A"reference 
sequence" is a defined sequence used as a basis for a sequence comparison; a reference 
sequence may be a subset of a larger sequence, for example, as a segment of a full-length 
cDNA or gene sequence given in a sequence listing such as a SEQ. ID NO. 1, or may 
comprise a complete cDNA or gene sequence. Generally, a reference sequence is at least 
400 nucleotides in length, frequently at least 600 nucleotides in length, and often at least 
800 nucleotides in length. Since two polynucleotides may each (1) comprise a sequence 
(i.e., a portion of the complete polynucleotide sequence) that is similar between the two 
polynucleotides, and (2) may further comprise a sequence that is divergent between the 
two polynucleotides, sequence comparisons between two (or more) polynucleotides are 
typically performed by comparing sequences of the two polynucleotides over a 
"comparison window" to identify and compare local regions of sequence similarity. A 
"comparison window," as used herein, refers to a conceptual segment of at least 20 
contiguous nucleotide positions wherein a polynucleotide sequence may be compared to a 
reference sequence of at least 20 contiguous nucleotides and wherein the portion of the 
polynucleotide sequence in the comparison window may comprise additions or deletions 
(i.e., gaps) of 20 percent or less as compared to the reference sequence (which does not 
comprise additions or deletions) for optimal alignment of the two sequences. Optimal 
alignment of sequences for aligning a comparison window may be conducted by the local 
homology algorithm of Smith and Waterman (1981) Adv. Appl. Math. 2: 482, by the 
homology alignment algorithm of Needleman and Wunsch (1970) J. Mol. Biol. 48: 443, 
by the search for similarity method of Pearson and Lipman (1988) Proc. Natl. Acad. Sci. 
(U.S.A.) 85: 2444, by computerized implementations of these algorithms (GAP, 
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package Release 
7.0, Genetics Computer Group, 575 Science Dr., Madison, WI), or by inspection, and the 
best alignment (i.e., resulting in the highest percentage of homology over the comparison 
window) generated by the various methods is selected. The term "sequence identity" 
. means that two polynucleotide sequences are identical (i.e., on a nucleotide-by-nucleotide 



Auro-008.01us 11 
Negulescu et al 





basis) over the window of comparison. The term "percentage of sequence identity" a 
catenated by comparing two opumaUy aUgned sequence, over the window of 
comparison, determining the number of positions a, which the identica. nuc.etc acrd base 
re* A T C G.U.orQoccurs in both sequences to yield the number of matched 

le window of comparison (i.e., the window size), and mu.tip.ying the resul.by .00 to 
yW the percentage of sequence identity. The terms "substantia, identity" as used herem 
denotes a characteristic of a po.ynucleotide sequence, wherein the P*"""* 
comprises a sequence tha, has a. .east 50 percent sequence identity, preferab.y at .east 60 
t0 70 percent sequence .dentity, more usuaHy a. .east 80 percent sequence idenuty as 
compared to a reference sequence over a comparison window of at .east 20 nuc.eotide 
positions, frequent., over a window of a. .east 25-50 nuclides, wherein the percentage 
of sequence identity is ca.cu.ated by comparing the reference sequence to the 

or less of the reference sequence over the window of companson. 

As applied to pro.euvs, the term "substantial identity" means mat two protem 

default gap weights, typically share a, leas, 70 percent sequence identity, preferably at 
.east 80 percent sequence identity, more preferably a, .east 90 percent sequence tdentity, 
and most preferably a. least 95 percent sequence identity. Preferab.y, residue posttions 
which are not identical differby conservative amino acid substations. Conservative 
amino acid substitutions refer to the interchangeabi% of residues having simuar srde 
chains. Fore^ple.agroupofarnmoacidshavmgaliphaticsidechateisg.ycme 
aranine, va,ine, .eucine, and isoieucine; a group of amino acids having aiiphatic-hydroxy. 
side chams is serine and threonine; a group of amino acids having anride-contatnrng srde 
chains is asparagure and g .u.amine ; a group of amino acids having aromatic srde chams ts 
phenyWanine, tyrosine, and tryptophan; a group of amino acids having baste srde chants 
is .ysine, asinine, and histidine; and a group of amino acids having suite-— ng 
side chains is cysteine and methionine. Preferred conservative amino acids substitution 
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groups are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine, alanine- 
valine, glutamic-aspartic, and asparagine-glutamine. 

"Promiscuous Ga protein" refers to a protein with the promiscuous coupling 
activity of one of the Ga proteins of the SEQ. ID listing. Preferably, the promiscuous 
Ga protein can couple to at least one GPCR that normally couples to a Ga protein other 
than a promiscuous Ga protein. Examples of Ga proteins, include Gaq, Gas, Gai and 
Gal2. Promiscuous Ga protein coupling activity can be measured with an endogenously 
or heterologously expressed GPCR using the assays described herein. Preferably, a 
promiscuous Ga protein can couple to at least two different types of GPCRs that 
normally couple to one of the following Ga proteins, Gaq, Gas, Gai and Gal2. More 
preferably, a promiscuous Ga protein can couple to at least three different types of 
GPCRs that normally couple to one of the following Ga proteins, Gaq, Gas, Gai and 
Gal2. Promiscuous Ga proteins permit coupling under conditions that would not occur 
with a Ga protein and a receptor of a different Ga subtype, unless the Ga protein was 
expressed at sufficiently high levels to promote coupling with a GFCR that is not its 
normal coupling partner. Examples of Ga 15 include (Wilke, T.M. et al., PNAS, Vol. 88 
pp. 10049-10053, 1991) and Ga 16 include (Amatruda, T.T. et al., PNAS, Vol. 88 pp. 
5587-5591, 1991). It is understood that promiscuous Ga proteins do not include 
members of Gaq, Gas, Gai and Gal2 proteins that couple to only one type of GPCR 

"Modulation" refers to the capacity to either enhance or inhibit a functional 
property of biological activity or process (e.g., enzyme activity or receptor binding); such 
enhancement or inhibition may be contingent on the occurrence of a specific event, such 
as activation of a signal transduction pathway, and/or may be manifest only in particular 
cell types. 

The term "modulator" refers to a chemical compound (naturally occurring or non- 
naturally occurring), such as a biological macromolecule (e.g., nucleic acid, protein, non- 
peptide, or organic molecule), or an extract made from biological materials such as 
bacteria, plants, fungi, or animal (particularly mammalian) cells or tissues. Modulators 
are evaluated for potential activity as inhibitors or activators (directly or indirectly) of a 
biological process or processes (e.g., agonist, partial antagonist, partial agonist, inverse 

Auro-008.01us 13 
Negulescu et al 





agonist, antagonist, antineoplastic agents, cytotoxic agents, inhibitors of neoplastic 
transformation or cell proliferation, cell proliferation-promoting agents, and the like) by 
inclusion in screening assays described herein. The activity of a modulator may be 
known, unknown or partially known. 

"Sequence homology" refers to the proportion of base matches between two 
nucleic acid sequences or the proportion amino acid matches between two amino acid 
sequences. When sequence homology is expressed as a percentage, e.g., 50%, the 
percentage denotes the proportion of matches over the length of sequence from a desired 
sequence (e.g., SEQ. ID NO. 1) that is compared to some other sequence. Gaps (in either 
of the two sequences) are permitted to maximize matching; gap lengths of 15 bases or 
less are usually used, 6 bases or less are preferred with 2 bases or less more preferred. 

The term "test chemical" refers to a chemical to be tested by one or more 
screening method(s) of the invention as a putative modulator. 

The terms "label" or "labeled" refers to incorporation of a detectable marker, e.g., 
by incorporation of a radio labeled amino acid or attachment to a polypeptide of biotinyl 
moieties that can be detected by marked avidin (e.g., streptavidin containing a fluorescent 
marker or enzymatic activity that can be detected by optical, or colorimetric methods). 
Various methods of labeling polypeptides and glycoproteins are known in the art and may 
be used. Examples of labels for polypeptides include, but are not limited to, the 
following: radioisotopes (e.g., 3 H, "C, 35 S, 125 1, 131 D, fluorescent labels (e.g., FITC, 
rhodamine, lanthanide phosphors), enzymatic labels (or reporter genes) (e.g., horseradish 
peroxidase, p-galactosidase, pMatamase, luciferase, alkaline phosphatase), 
chemiluminescent, biotinyl groups, predetermined polypeptide epitopes recognized by a 
secondary reporter (e.g., leucine zipper pair sequences, binding sites for secondary 
antibodies, metal binding domains, epitope tags). In some embodiments, labels are 
attached by spacer arms of various lengths to reduce potential steric hindrance. 

"Fluorescent label" refers to incorporation of a detectable marker, e.g., by 
incorporation of a fluorescent moiety to a chemical entity that binds to a target or 
attachment to a polypeptide of biotinyl moieties that can be detected by avidin (e.g., 
streptavidin containing a fluorescent label or enzymatic activity that can be detected by 
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fluorescence detection methods). Various methods of labeling polypeptides and 
glycoproteins are known in the art and may be used. Examples of labels for polypeptides 
include but are not limited to dyes (e.g., FITC and rhodamine), intrinsically fluorescent 
proteins, and lan.hanide phosphors. In some embodiments, labels are attached by spacer 
arms of various lengths to reduce potential steric hindrance. 

"Reporter gene" refers to a nucleotide sequence encoding a protein that is readtly 
detectable either by its presence or activity, including, but not limited to, luciferase, green 
fluorescent protein, chloramphenicol acetyl transferase, p-galactosidase, secreted 
placental alkaline phosphate, p-.ac.amase, human growth hormone, and other secreted 
enzyme reporters. Generally, reporter genes encode a polypeptide not otherwise 
produced by the host cell, which is detectable by analysis of the cell(s), e.g., by the dtrect 
fluorometric, radioisotopic or spectrophotometry analysis of the cell(s) and preferably 
without the need to kill the cells for signal analysis. Preferably, the gene encodes an 
enzyme, which produces a change in fluorometric properties of the host cell, when ,s 
detectable by qualitative, quan.im.ive or semi-quantitative function of transcriptional 
activation. Exemplary enzymes include esterases, phosphatases, proteases (tissue 
plasminogen activator or urokinase) and other enzymes whose function can be detected 
by appropriate chromogeoic or fluorogenic substrates known to those skilled in the art. 

"Signal transduction detection system" refers to system for detecting stgnal 
ttansduction across a cell membrane, typically a cell plasma membrane. Such systems 
typically detect at least one activity or physical property direct* or indirectly assorted 
with signal transduction. For example, an activity or physical property directly 
associated with signal transduction is the activity or physical property of either the 
receptor (e.g., GPCR),or a coupling protein (e.g., a G<x protein). Signal transduction 
detectionsystemsformonitoring an activity or physical property directly associated wtm 
sigr*l transduction, include GTPase activity, and conformational changes. An actmty or 
physical property indirectly associated with signal transduction is the activity or phystcal 
property produced by a molecule other than by either the receptor (e.g., GPCR), or a 
coupling protein (e.g., a Got protein) and associated with receptor (e.g., GPCR), or a 
coupling protein (e.g., a Gcx protein). Such indirect activities and properties include 
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changes inin.acenular.evds of molecules (e.g., ions(e.g„ Ca,NaorK), second 
m es S en g erlevels(e.g.,cAMP,cGMPandinosto 1 phospha,e)),kinaseac I Mtes 

mi phosphatase ac.ivi.es. Signs, —ion de.ec.ion sys.ems for motutonng an 
transcriptional-based assays, enzymatic assays, intrace,.u,ar ion assays and second 



as exempt by The McGraw-HiU Dictionary of Chemical Terms (ed. Parker, S., 
1985 ), McGraw-Hill, San Francisco, incorporated herein by reference). 

protein coup.ed rotors (GPCRs), Hgands for GPCRs, and compounds tha. modulate 
igM , auction (e.g., agonised antagonist). Tne .erm "G-pro.e,n coupled 

^ signals (e.g„ sensory, hormonal, and neu—tter signals) from 
extracellular environments to intracellular environment. 

tootaded within the invention are ceUs ma. are useful for expressmg G prct ms 

than 6 to ,0 passages and mo, preferably longer .ban abou. 12 passages. A. sola** 
eeUsthat are usefi.lin.be invention mctade bom eukaryotic and pro^otic cells tira. 
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line (e.g., a COS-7 cell); human cells are also preferred (e.g., a human T lymphocyte). 
Although not preferred, yeast cells can also be used. 

A "construct," when used in the context of molecular biology, is any generally 
e» gi neerednuc.eicacid(e.g.,aplasmid,restrictionfragment„ranengmeered 

chromosome,. As used herein, a "promoter" is the minima, sequence sufficient to drrect 
tt anscnptionofagene(inc.udingac DN Aencodingaprotein)inaneukaryo.e 

Preferably, the promoter is derived from an eukaryotic gene or a virus mat can dtrect 
rranscnpdoninaneu.caryoUcceU.ApromotercanincludeaTATAbox.aCAATbox, 

and a fractional start site. The term "gene" refers to a polynucleotide mat encodes a 
protein, such as a cDNA encoding a protein. 

Polypeptides that have the biological activity of a Ga protein are those 
polypeptides mat are able to transduce a signa! (induding extraocular signals) to an 
effects) in a G- P ro.ein signaling pathway. TypicaUy, such a polypeptide or protem, » 
«, inactive state, is associated with GDP and the ft dimer of a G-protein. In its "active 
state, the polypeptide typicaUy is associated with OTP and disassociated from the P y 
dimerofaG-protein. The unassociateo Ga protein is able to transduce a signal to an 
effectorinureG-protemsignaUngpamway. Examples promiscuous Ga proteins include 
promiscuousGa 16P ro te inandapronuscuousGa, ! pro,eu, Eite promiscuous Ga 
protein or a promiscuous Ga, s protein can couple to a GPCR mat normally couples toG,, 
G orG (seeFig.1). Preferab.y, me promiscuous Ga protein employed in the invention 

For example, the promiscuous Ga„ and Ga„ proteins each retain the abthty to 
specifically activate the pMsoform of phospholipase C. 

PreferaUy, the nucleotide sequence of a promiscuous Ga proteinhas a. least 70/. 
• (more preferably, at least 80% or 95%) sequence identity to the nucleotide sequence of Ga,« 
(SEQ ID NO: ,) and/or Ga,, (SEQ ID NO: 2). Other preferred promiscuous Ga protems are 
those that are encoded by degenerate variants of the nucleotide sequences of promiscuous 
Ga (SEQIDNO:l)and/orGa, ! (SEQn) N 0:2). A "degenerate variant" of a nucleotide 
sequence is a nucleotide sequence mat encodes the same amino acid sequence as a gtven 
nucleotide sequence, bu, in which a, least one codon in the nucleotide sequence is drfferent, 
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because two or more different codons can encode the same amino acid. Accordingly, 
numerous degenerate variants can encode the promiscuous Ga proteins of SEQ ID NO: 3 
and SEQ ID NO: 4. Other preferred promiscuous Go. protein are those that are encoded by 
conservative variations of the nucleotide sequences of Ga,. (SEQ ID NO: 1) and/or Ga„ 
(SEQ ID NO: 2). A "conservative variation" denotes the replacement of an ammo acid 
residue by another, biologically similar, residue. Examples of conservative variarions 
include the substitution of one hydrophobic residue, such as isoleucine, valine, leucme, or 
methionine, for another, or the substitution of one pote residue for similar polar res,due, 
such as the substitution of arginine for lysine, glutamic acid for aspartic acid, or glutamme 

for asparagine, and the like. 

In some embodiments of the invention it will be desirable to control the level of 
promiscuous Ga protein expression. High levels of promiscuous Ga protein in a cell can 
deleteriously alter cell metabolism that can result in cell instability. High levels of 
promiscuous Ga protein in a cell (or normal Ga protein) can also produce high basal 
activities GPCRs that results in high background activities, which is not desirable for 
methods described herein, such as screening chemicals that may modulate receptor 
activity Typically, cells having endogenously low levels of normal Ga protein are used. 
Basal activity levels of GPCRs canbe easily tested in apotential cell type to be used for 
screening with a signal transduction detection system to detect the affect of endogenously 
expressed G-proteins. Basal activity levels of GPCRs can also be easily tested with euher 
endogenously expressed or heterologous* expressed GPCRs in cells expressing a 
promiscuous Ga protein or other G-proteins. 

With GPCRs normally having high basal activity, controlled levels of 
promiscuous Ga protein can help reduce background activity in a cell while achieving 
suitable coupling for testing putative modulators of a receptor. The amount promiscuous 
Ga protein expressed in a cell can be titrated by using, or selecting for, either a weak 
promoter or an inducible promoter. An inducible promoter offers the advantage, 
compared to a weak promoter, of regulable expression of promiscuous Ga protein. By 
using an inducible promoter the amount inducer can be used to optimize the signal to 
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t 

noise ratio of a screen for GPCR modulators by adjusting the amount of promiscuous Ga 

protein expression the cell. 

An "inducible" promoter is a promoter that, in the absence of an inducer (e.g., 
doxycyclin) does not direct expression, or directs low levels of expression (e.g., produces 
less than 500 proteins per cell at steady state) of an operably linked gene (including 
cDNA). In the presence of an inducer, expression promiscuous Ga protein directed by 
the inducible promoter is typically increased at least 3-fold (preferably at least 10- 100- or 
1,000-fold). Other useful inducible promoters include those that are inducible by IPTG 
or ecdysone. If desired, an inducible promoter can include a first promoter (e.g., a 
cytomegalovirus promoter) operably linked to a tet operator to regulate the first promoter 
(see, Gossen and Bujard, 1992, Proc. Natl. Acad. Sci. 89:5547-5551). 

Many embodiments of the invention will include a polynculeotide encoding a 
GPCR not naturally occurring in the cell and a promiscuous Ga protein construct. The 
GPCR will typically not be under the control of the control sequence controlling 
promiscuous Ga protein expression. The GPCR may be a GPCR of known function or of 
protein of unknown function, such as an orphan GPCR. Promoters known in the art can 
be used to either constitutively or inducible express the receptor or putative receptor. 

If desired, a cell of the invention can contain a polynucleotide having a control 
sequence and encoding a protein useful in signal transduction detection system. The 
construct is designed to detect activation of a Ga protein. This second construct is 
typically located on a second vector. It can include a reporter gene that is operably linked 
to a promoter that is modulated (directly or indirectly) by an active promiscuous Ga 
protein. Preferably, the expression of the reporter gene can be detected by detecting a 
change in fluorescence emission of a sample that contains the cell. 

For instance, the reporter system described in PCT publication WO96/30540 
(Tsien) has significant advantages over existing reporters for gene integration analysis, as 
it allows sensitive detection and isolation of both expressing and non-expressing single 
living cells. This assay system uses a non-toxic, non-polar fluorescent substrate, which is 
easily loaded and then trapped intracellularly. Cleavage of the fluorescent substrate by p- 
lactamase yields a fluorescent emission shift as substrate is converted to product. 
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Because the N-tamase reporter readout can be ratiometric, i. is unique among reporter 
gene assays in .ha, U controls variables such as the amount of substrate ioaded utto 
individual ceil, The stable, easily detected, intracellular readout simplifies assay 
procedures by eliminating the need for washing steps, which facilitates screening wdh 
cells using the invention. Preferably, a ratiometric fluorescent signal transduction 
detection system can be used with the invention. Preferred fluorogenic substrates are 

described in the Examples. 

Other reporter genes such as polynucleotides encoding a polypeptide havmg the 

biological activity of green fluorescent protein (GFP) can be used. 

A promoter is considered to be "modulated" by an active, promiscuous Got 
protem whenthe expression of a reporter gene, „ which thepromoter is operably linked .s 
either increased or decreased upon activation of the promiscuous Ga protein. It . no. 
necessary ma. the active, promiscuous Ga protein directly modulate reporter gene 

expression. . 

For example, embodiments of the invention presume that activation of Ga„ or 

intracellular calcium levels. An increase in calcium levels can lead to modulation of a 
"calcium-responsive" promoter mat is part of a signal tiansduction detection system, ..e., 
apromo,erma.isactiva.ed(e.g.,aNFATpromo.er)orinhibi.edbyachangeincalc l um 

,evels One example of an NF AT DNAbinding siteis found in Shaw, e. al. Science 
291-202-205 1988. Likewise, a promoter that is responsive to changes in protem ktnase 

Ga protein through G-pro.ein signaling pathway. The cells describe above can also 
include a G-prolein coup.ed recep.or. Genes encoding numerous GPCRs have been 
cloned (Simon et al., 1991, Science 252:802-808), and conventional molecular b.o.ogy 
techniques can be used .o express a GPCR on me surface of a eel! of the invention. 
Preferably, the sum responsive promoter ailows only a relatively short lag (e.g., less man 
90 minutes) between engagement of the GPCR and transcriptional activation. A 
preferred responsive promoter includes me nuclear factor of activated T-cell promoter 
(Flanagan et al., 1991, Nature 352:803-807). 
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Many cells can be used in the invention, particularly for heterologous expression 
of a GPCR Such cells include, but are not limited to; baby hamster kidney (BHK) cells 
(ATCC No CCL10), mouse L cells (ATCC No. CCLI.3), Jurkats (ATCC No. TIB 152) 
and 153 DG44 cells (see, Chasin (1986) Cell. Molec. Gene,. 12: 555] human embryomc 
kidney (HEK) cells (ATCC No. CPX1 573), Chinese hamster ovary (CHO) cells (ATCC 
Nos CRL9618, CCL61, CRL9096), PC12 cells (ATCC No. CRL17.21) and COS-7 cells 
(ATCCNo CRL1651). Preferred cells for heterologous cell surface protein express™ 
are those to, can be readily and efficiently transfected. Preferred cells include Jurkat 
cells CHOcells and HEK293 cells, such as mosc described in U.S. Pa,en. No. 5,024,939 
and by StiUman e, al. (1985) Mol. Cell. Biol. 5: 2051-2060. 

GPCRs that can be used with the invention include, but are not limited to, 
muscarinic receptors, e.g., human M2 (GenBank accession #M16404); ra, M3 
(GenBank accession #M16407); human M4 (GenBank accession M16405); human M5 
(Bonner, e, al., (1988) Neuron 1, pp. 403- 410); and the like; neuronal nicotnuc 
acetylcholine receptors, e.g., the human a,, and fc, subtypes diseased in USSN 
504 455 (filed April 3, 1990, which is hereby expressly incorporated by reference 
herein in its entirety); the human a, subtype (Chini, e, al. (1992) Proc. Nad. Acad. 
Sci USA 89: 1572-1576), the ra, «, subunit (Wada, e. al. (1988) Science 240, pp. 
330-334)- the rat a, subuni, (Boulter, e, al. (1986) Nature 319, pp. 368-374); the ra, a. 
subuni, (Goldman, « al. (1987) Cell 48, pp. 965-973); the ra, a, subuni, (Boulter, et 
al (1990)1 Biol. Cbem. 265, pp. 4472-4482); me chicken a, subunit (Coutuneretal. 
(1990) Neuron 5: 847-856); the rat fc subuni. (Deneris, e, al. (1988) Neuron 1, pp. 45- 
54) U,e rat P, subuni, (Deneris, e, al. (1989) J. Biol. Chem. 264, pp. 6268-6272); me 
rat p, subunit (Duvoism. et al. (1989) Neuron 3, pp. 487-496); combinations of the rat 
a snbunits, and s P subunits and a and p subunits; GABA receptors, e.g., the bovme x, 
and B„ subunits (Schofield, et al. (1987, Nature 328, pp. 221-227); the bovine X„ and 
X, subunits (Levta, et al. (1988) Nature 335, pp. 76-79); the y-subunit (Pritchett, e, 
a. (1989) Nature 338. pp. 582-585); the B„ and B„ subunits (Ymer, et al. (1989) 
EMBO J 8, pp. 1665-1670); the 8 subuni, (Shivers, B.D. (1989) Neuron 3, pp. 327- 
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337); and the like; glutamate receptors, e.g., rat GluRl receptor (Hollman, et al. 
(1989) Nature 342, pp. 643-648); rat GluR2 and GluR3 receptors (Boulter et al. (1990) 
Science 249:1033-1037; rat GluR4 receptor (Keinanen et al. (1990) Science 249: 556- 
560 ); rat GluR5 receptor (Better et al. (1990) Neuron 5: 583-595); rat GluR6 receptor 
(Egebjerg et al. (1991) Nature 351: 745- 748); rat GluR7 receptor (Bettler et al. (1992) 
neuron 8:257- 265); rat NMDAR1 receptor (Moriyoshi et al. (1991) Nature 354:31-37 
and Sugihara et al. (1992) Biochem. Biophys. Res. Comm. 185:826-832); mouse 
NMDA el receptor (Meguro et al. (1992) Nature 357: 70-74); rat NMDAR2A, 
NMDAR2B and NMDAR2C receptors (Monyer et al. (1992) Science 256: 1217-1221); 
rat metatropic mGluRl receptor (Houamed et al. (1991) Science 252: 1318-1321); 
rat metabotropic mGluR2, mGluR3 and mGluR4 receptors (Tanabe et al. (1992) 
Neuron 8:169-179); rat metabotropic mGluR5 receptor (Abe et al. (1992) I. Biol. 
Chem. 267: 13361- 13368); and the like; adrenergic receptors, e.g., human 61 (Frielle, 
et al. (1987) Proc. Natl. Acad. Sci. 84, pp. 7920-7924); human a, (Kobilka, et al. 
(1987) Science 238, pp. 650-656); hamster p 2 (Dixon, et al. (1986) Nature 321, pp. 75- 
79); and the like; dopamine receptors, e.g., human D2 (Stormann, et al. (1990) Molec. 
Pharm. 37, pp. 1-6); mammalian dopamine D2 receptor (U.S. Patent No. 5,128,254); 
rat (Bunzow, et al. (1988) Nature 336, pp. 783-787); and the like; and the like; 
serotonin receptors, e.g., human 5HTla (Kobilka, et al. (1987) Nature 329, pp. 75-79); 
serotonin 5HT1C receptor (U.S. Patent No. 4,985,352); human 5HT1D (U.S. Patent 
No. 5,155,218); rat 5HT2 (Julius, et al. (1990) PNAS 87, pp.928-932); rat 5HTlc 
(Julius, et al. (1988) Science 241, pp. 558-564), and the like. 

If desired (e.g., for commercial purposes), a cell(s) of the invention can packaged 
into a container that is packaged within a kit. Such a kit may also contain any of the 
various isolated nucleic acids, antibodies, proteins, signal transduction detection systems, 
substrates, and/or drugs described herein, known in the art or developed in the future. A 
typical kit also includes a set of instructions for any or all of the methods described 
herein. 
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Methods of the Invention 

The invention provides several methods for cloning or characterizing 
GPCRs, screening or characterizing ligands (e.g., known ligands) of GPCRs, and 
identifying or characterizing compounds that modulate signal transduction. For example, 
the invention provides a method for determining whether a "target" polypeptide is a 
GPCR for a given ligand. The method involves expressing a target polypeptide in a cell 
described herein that comprises a reporter gene construct (e.g., a construct encoding a [J- 
lactamasereportergeneoperablylinkedtoaNFAT promoter). In this method, the test 
polypeptide is contacted with a chosen ligand, usually of established activity, and a 
change in reporter gene expression is detected. A "target" polypeptide, which is usually a 
GPCR, is any polypeptide expressed by a cell that can be assayed for activity using the 
present invention. 

Similar methods can be used to test ligands and compounds using GPCRs of 
known, partially known and unknown function. A test ligand is a molecule that can be 
assayed for its ability to bind to a GPCR. A test compound is a molecule that can be 
assayed for its ability to modulator of signal transduction. Often, such a target 
polypeptide, test ligand, or test compound is, because of its sequence or structure, 
suspected of being able to function in a given capacity. Nonetheless, randomly chosen 
target polypeptides, test ligands, and test compounds also can be used in the methods 
described herein, and with techniques known in the art or developed in the future. For 
example, expression of target polypeptides from nucleic acid libraries, can be used to 
identify proteins involved in signal transduction, such as orphan GPCRs. For instance, 
this technique can be used to identify physiologically responsive receptors (e.g., taste- 
responsive GPCRs) where the ligand responsible for inducing a physiological event is 
known (e.g., a given taste sensation is known). 

The invention also includes enhancement of reporter gene expression in a signal 
transduction detection system. This particularly useful for improving the signal to noise 
ratio in a screening assay. It generally involves contacting the cell with a molecule 
("subthreshold regulating molecule") that alters the activity of a cellular process to a level 
subthreshold to the activation of a cellulaxly responsive control sequence that is operably 
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linked to the reporter gene. Because the level of cellular activity is subthreshold, the 
reporter gene has a low expression level. The reporter gene system, however, ,s porsed 
for activation by a change in cellular process induced by either a test chemical, test hgand 
or expression of target protein. Such ce.lu.arly responsive control sequences can be 
responsive elements known in the art in other applications. Such response elements, 
however, do not need be responsive to their naturally occurring signal, since the assay 
may occur in cells lacking the required constituents for activation by a naturally occumng 
sigM l The subthreshold regulating molecule can either increase or decrease the actmty 
of the cellular process. It is understood that the cellular process may not only be "class* 
cellular process, such as an enzymatic activity, bu, it also includes levels of ceUular 
entities (e.g„ ions, metabolites and second messengers) or other measurable properties of 
the cell (e.g., cell volume, chromatin density, etc.). Cells described herein are preferred 
for mis method. Other cells, however, can be used as well which express Ga protons 

endogenously, or heterologously. 

For example, in order to enhance detection of expression of areporter gene, the 
cell can be contacted with a compound (e.g., a calcium ionophore) that increases calctum 
levels inside of the cell. By increasing calcium levels inside the ceU, the probability that 
activation of a G-protein will activate expression of a reporter gene is greatly enhanced. 
Preferably, the ca.cium levels are increased to a level mat is just below the threshold level 
for activation of a calcium-responsive promoter, such as an NFAT promoter (see Frg. 2). 
to practice, ionomycin typically is added at a concentration of about 0.01 to 3 uM, 
preferably 0.03UM. Cells described herein are preferred for mis method. Other cells, 
however, can be used as well which express Ga proteins endogenously, or 
heterologously. 

In an alternate method of enhancing a signal transduction detection system, 
thapsigargin is added to the cell to set intracellular calcium levels at subthreshold levels 
,„ enhance reporter gene activation. Thapsigargin is added to the cell at a concentration 
of about 1 to 50nM, with the effect of partially depleting intracellular calcium pools and 
s.owing the re-filling of such pools (Thastrup et al., 1990, Proc. Natl. Acad. Sci. 87:2466- 
2470). If desired, thapsigargin can be used at a higher concentration (e.g., 200nM to 
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c lium concentration (Negu.escu et a,., .994, Proc. Nati. Acad. So, 9. .2873-2877^ 

endoeenously, or heterologously. 

Iny eLo,h= tm e t hodof te inve„ ti o„,conv al .iona. m o.ecu 1 arb 1 o^ 

technics can be used to express a calcium modulating .igand in cells, and .hereby 
calcto-responsive promoter. Cells described herein are preferred for dus method 

"In.ethodoft.einventionfor— g detec ti onof expression of the 
reportergeneinvoWescon^gtecenwithanactivatorofproteinbn^C. 

n^^-i-*— — 1-— — — ^ ™ 

Logs ofPMA that retain this activity are known in the art, and can be — ft. 
^b.nsedasweUwhichexpressGapro.einsendogenousiy.orheterologousiy 

a oeu of the invention, which contains a construct and encodes a reporter gene. T*e oeU 

.ecep.orandi.canaisobeu.d.odeterminereceptorse.ectivrty. ^ 
change in expression of the reporter gene can be compared for a sample of cells m the 
pjnce, versus in the absence, of the, est Hgand in order to identity hgandspec.flc 
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the ability of a Ugand to interact with a pane, of GPCRs of interest. In 

1^ t ^L. — - — hiasecondce«<ina 
m ven.,on,tha«con«a ^.^^^aiongwitt. reporter 

I » these celisdifferoniywiUr^ttotheGPCRthafs expressed, 
systems. Typ.cally, ^ a chang8 m 

selectivityoftaeligandcanbedetermmed. Forexample,v 

M M andMOcanbeexpressed.separateiy.onaeeU. If desired, various 
( e. g ., M„ M, andMO ^ ^ „ zed m . 

modulators of G-protem activity (. B. 6 

variation of this method. Cells described herem are preferred for tins me* 

,hismethod,«hecenex P ressesaGPCR,andme Ualsocontactedw ith 

,. . „f » test compound, activates signal transduction. The cell 
absenceofatestcompo „„ f .he renorter gene indicates that the test 

a test compound, and a change in expression of the reporter g 
compound modulates signal transduction in the cell. 

taavariationofmisme^uiemventiouprovidesa-recepto,^ 

..theratestcompoundmodulatessignaltransduction. In .his vanation, the cell 

r^^.<^>•"----•*•--' ,l,,- •* ,,-,,, 
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.„„ 0{ a report er gene indicates that the test compound modulates stgna. tr 
expressionofareponerg siEna ling events that occur 

the ceil. Such a change also indicates that the compound affects stgna g 
subsequent to receptor signaling in the signaling pathway. 

• GPCR for a given ligand, without employing a second genetic construct expressmg a 

used h , his method (Neguiescu and Machen, 19 90,Mem.m ElE ymoU92 8 8«_to 
1 dmethod meincreaseisdetectedbycontacUngmeceUwifhmra-ZCavatlable 

PLCB) to ar^yze QPCRs that normally couple specificaUy to G-protems of a smgle 

• Well Accordingly, convenient cell-sorting method, such as FACS.c*. be used 
T dtl^l ^^^efluorescentassaysemployedintheinventionaisoprovtde 

::":lorofO,rote ta ac,iva a on. -a^^- 
twewehoursial.owsapracti.ionertoanaiyzenumeroussamplesmpara.el.mu 

ligands andcompounds. TTte invention provides, for the first nme, an assay for 
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EXAMPLES 



Tfce following examp.es are intended to iliustrate but act limit the invention. 
WhUe they are typica. of those method, that might he used, other procedures 
those skilled in the are may alternatively be used. 



Example 



1 . Synthesis of a f) Lactamase substrate (compound 7b) 



cr 



1. Pyridine 
cat Aniline 



2. BujO, 
Pyridine 



H 2 N , ft n 

o^> a xco 

C0 2 CHPh 2 CI If 



CI' 




lb o 



1. H 2 NCH 2 C0 2 Bn, 
DCC, HBT 

2. H 2 ,Pd/C 



cr 

3b °o A oh 



DCC, HBT 




AcO. 



O^NH ^ 

✓a 

C0 2 CHPh 2 
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,OAc 



+ NaHC0 3 , DMF 
2. TFA, Anisole 



HO. 



°0 A NH ^ \ 




,OAc 



C0 2 H 
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For synthesis of 2,4 dihydroxy-5-chlorobenzaldehyde, 21.7 g (0.15 Mol) 4- 
chlororesorcinol were dissolve* in 150 ml dry diethyl emer and 27 g finely powdered 
z i»c (II) cyanide and 0.5 g potassium chloride were added with stirring. The suspense 
was cooled on ice. A strong stream of hydrogen ch!oride gas was h.own into the solution 
witt, vigorous stirring. After approximately 30 minutes the reactants were dissolved. The 
addition of hydrogen chloride gas was continued until it stopped being absorbed m tire 
ether solution (appro, 1 hour,. During mis time a precipitate formed. The suspend 
wasstirredforoneadditionalhouronicc. Then the solid was letto settle. Theemerea, 
station was poured from the solid. The solid was treated with 100 g of ice and heated to 
tOr/Cinawaterbath. Upon cooling the product crystallized in shiny plates from the 
solution Theywereremovedbyfiteationondriedoverpotassiumhydroxide. Theyeld 
was 15 9 g (0.092 Mol, 61%). 'H NMR (CDC.,): 5 6.23ppm (s, 1H, phenol), 8 6.62ppm 
(s, 1H, phenyl), 6 7.52ppm (s, !H, phenyl), » 9.69ppm (s, 1H, formyl), 5 1 1.25ppm (s, 
1H. phenol). ^ ^ ^ ^ s 7( . g (() M3 Mo)) 

2 4-dihydroxy-5-cWorobenzaldeh y de and 7.2 g (0.069 Mol) malonic acid were dissolved 
b 5 nuwarmpyridine. 75 ,1 Aniline were stirred into the solution and tire reaction let .o 
^datroomtemperatitreforSdays. The yellow solid mat formed was broken mto 
smaller pieces and 50ml ethanol was added. The creamy suspension was filtered through 
a glass fit and tire soBd was washed three times with 1 N hydrochloric acid and men 
water Then the solid was stirred with 100ml ethyl acetate, 150 ml ethanol and 10 ml half 
concentratedhydrochloric acid. The solvent volume wasreducedin vacuo and the 

pentoxide 497 g(0.021 Mol, 63%) of product was obtained as a white powder. H 
NMR (dDMSO): 5 6.95ppm (s, 1H), 8 8.02ppm (s, 1H), 5 8.67ppm (s, 1H). 

To prepare 7.butyrylox y -3<arboxy-6<morocoumarin, 3.1g (12.9 mMol) 
3-carboxy-6.chloro-7.hydroxycoumarin were dissolved in 100ml dioxane and treated 
with 5 ml butyric anhydride, 8 ml pyridine and 20mg dimettryl aminopyridine a. room 
temperature for two hours. The reaction solution was added with stirring to 300ml 
heptane upon which a white precipitate formed. It was recovered by filtration and 
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dissolved* 150 ml ethyl acetate. Undissolved material was removed by fiction and 
the filtrate extracted twice with 50 ml 1 N hydrochloric acid/brine (1:1) and thenbnne. 
The solution was dried over anhydrous sodium sulfate. Evaporation in vacuo ytelded 
2 63 g (8 47mMol, 66%) of product. 'H NMR (CDC1,): 5 l.OSppm ft 3H, J = 7.4Hz, 
butyric methyl), 8 1.85ppm (m, 2H, J, 8 1, - 7.4Hz, butyric methylene), 6 2.68ppm ft 2H, 
, = 7.4Hz, butyric methylene), 5 7.37ppm (s, 1H, coumarin), 6 7.84ppm (s, 1H, 

coumarin), 5 8.86ppm (s, 1H, coumarin). 

PrC parationof7-butyryloxyO-ber^loxy^^ 
chlorocoumarin is effected as follow, 2.5g (8.06mMo.) 7-Butyry.oxy-3-carboxy-6- 
chlorocoumarin, 2.36g hydrcxybenztriazole hydrate (16mMol) and 1.67 g (S.lmMol) 
dicyclohexy. carbodiimide were dissolved in 30ml dioxane. A toluene solution of O- 
benzylglycine [prepared by extraction of 3.4g (10 mMol) benzylglycine tosyl sal. w,th 
ethyl acetate - toluene - saturated aqueous bicarbonate - water (1:1:1:1, 250ml), drymg of 
the organic phase with anhydrous sodium sulfate and reduction of the solvent volume to 
5ml] was added drop wise to the coumarin solution. The reaction was kept at room 
temperature for 20 hours after which the precipitate was removed by filtration and 
washed extensively with ethylacetate and acetone. The combined solvent fractions were 
reduced to 50ml on therotatory evaporator upon which one volume of toluene was added 
and the volume further reduced to 30ml. The precipitating product was recovered by 
filtration and dissolved in 200ml chloroform - absolute ethanol (1:1). The solution was 
.educed to 50mlon«he rotatory evaporator and the product filtered off and dried in vacuo 
yielding 1.29g of the title product. Further reduction ofthe solvent volume ytelden a 
second crop (0.64g). Total yield: 1 .93g (4.22mMol, 52%). 'H NMR (CDCU): 5 1 .08ppm 
(, 3H J = 74Hz, butyric memyl),81.84 P pm(m,2H,J,8J 1 -7.4Hz, butyric methylene), 

82 66 PP m ft 2H, J 7.4Hz, butyric methylene), 8 4.29ppm (d, 2H, 1 5.5Hz, glycine 
memylene), 8 5.24ppm (s, 2H, benzyl), 8 7.36ppm (s, 1H, coumarin), 8 7.38ppm (s, 5H, 
phenyl), 8 7.77p P m (s, 1H, coumarin), 5 8.83ppm (s, 1H, coumarin), 8 9.15ppm ft 1H, 

5.5 Hz, amide). 

7-Butyryloxy-3-carboxymethylammocarbonyl-6-chlorocou^ 

prepared as follows. 920 mg (2mMol) V-butyryloxy-S-ber^loxycarbonylmethylamino- 
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C arbonyl-6<hlorocoumarin were dissolved in 50ml dioxane. lOOmg Palladium on carbon 
(10%) and 100 ul acetic acid were added to the solution and the suspension stirred 
vigorously in a hydrogen atmosphere a. ambient pressure. After the uptake of hydrogen 
seized the suspension was filtered. The product containing carbon was extracted five 
times with 25 ml boiling dioxane. The combined dioxane solutions were let to cool upon 
which the product precipitated as a white powder. Reduction of the solvent to 20 ml 
precipitates more product. The remaining dioxane solution is heated to bothng and 
heptane is added unti! the solution becomes cloudy. The weights of the dried powders 
were 245 mg, 389 mg and 58 mg, totaling 692 mg (1.88mMol, 94%) of white product. * 
NMR (dDMSO): 5 1 .02ppm ft 3H, J 7.4 Hz, butyric methyl), 6 1.73ppm (m, 2H, J, 5 J 2 = 
7 3Hz butyric methylene), 5 2.70 P pm (t, 2H, J .67ppm (s, 1H, coumarin), 5 8.35ppm (s, 
!H, coumarin), 8 8.90ppm (s, 1H, coumarin), 8 9.00ppm ft 1H. J = 5.6 Hz, am.de). 

Coupling of7-Butyryloxy-3<arboxymethylaminocarbonyl-6- 
chlorocoumarin with 7-amino-3'-chlorocephalosporanic acid benzhydryl ester was 
effected as follows. 368mg (ImMol) 7-Butyrylox y O<arboxymeftyla,ninocarbon y l-6- 
cWorocoumarin, 270mg hydroxybenztriazo.e hydrate and 415mg (ImMol) 7-anuno-3'- 
chloro cephalosporanic acid benzhydryl ester were suspended in 40ml dioxane - 
acetonitrile (1:1). 260mg (1.25mMol) dicyclohexylcarbodiimide in 5ml acetomtnle were 
added and the suspension was stirred vigorously for 36 hours. The precipitate was 
removed by filtration and the volume of me solution reduced to 20ml on the rotatory 
evaporator. 50ml Toluene was added and the volume reduced to 30ml. With stirrmg 50 
ml heptane was added and the suspension chilled on ice. The precipitate was recovered 
by filtration. I. was redissolved in 10ml chloroform and the remaining undissolved sohds 
were filtered off. Addition of 2 volumes of heptane precipitated the title product whtch 
was collected artd dried in vacuo and yielded 468 mg (0.64mMol, 64%) off-white 
powder. l H NMR (CDClj): 8 1 .08ppm ft 3H, J 7.4Hz, butyric methyl), 8 1 ,84ppm (m, 
2H, J, 8 J, 7.4Hz, butyric methylene), 8 2.66ppm ft 2H, J 7.4Hz, butyric methylene), 8 
3 54ppm (2d, 2H, J 18.3Hz, cephalosporin C-2), 8 4.24ppm (2d, 2H, J 5.8Hz, 
cephalosporin 3 methylene), 8 4.37ppm (d, 2H, J 3.8Hz, glycine methylene), 5 5.02ppm 
(d, 1H, J 4.9Hz, cephalosporin C-6), 5 5.89ppm (dd, 1H, J, 9.0Hz, J 2 5.0Hz, 
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JLHn.-*).*7.79 W -(OH.«^««^^«^ ^93,H, " 

ft 1H J 3 7Hz, amide). 

Woffl.eaboveproduo.wi.hJ-f.uoresceinto.waseffec.eda, 

follows. 90m S (0.2n^o,) 5 . m ercap^^^ 

0 S^of.hea.oveco^din.On,.— fonnan-i d, An er4h„u,the 

once^withdie^yielding^T^p.B^SS^ofa 

cream-colored powder product. 

A sample of the above compound was treated with a large access of 

^roaceucacid-a^leO^ 

removedinvacuoaudttteresiduetrimratedwithettrer. High performance houtd 
Znato^yofmcsoUdlu^at.ueous — —g 0, % acettc ac^ 

using 45% aqueous acetonitrile containing 5% acetic acid as the eluent. 
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0 0 NH 




CCF2 



^protection ofthe fluorescein acetates in co.pound 27 was accomplished w,th 
sodiumbicarbonate^^ 

fluorescent enzyme substrate CCF2. It was purified by high performance hqut 
chromatography on a reverse phase C 18 - colunm using 3 5 o/o aqueous acetomtnle 

containing 0.5% acetic acid as the eluent. 
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Stirring of compound 27 with excess acetoxymethyl bromide in dry 

.asp^edoymghperformanceU.uidchroma^ 

• •, ..:„:„ n nw. acetic acid as the eluent. CCFZ/aCjAKi, 
using 65% aqueous acetomtnle containing 0.5 /. acettc acm 

is readily converted to CCF2 in the cells' cytoplasm. 

The donor and acceptor dyes in substrate CCF2 do not stack. The 

except for the effect of dilution,. Tti. is due ,„ the much smaller and more polar nature 
of the 7-hydroxycoumarin compared to that of the xanthene dyes (eosin, rhodamme, 

rhodol and resorufin). 

The emission spectrum of compound CCF2 in 50 mmolar phosphate 
bufferpHZObefore and after (.-lactamase cleavage of me Mactamnng. Intheintact 
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a, 515,un (green) from .he acceptor dye fluorescein. Th. energy transfer » dtsnrpted 
dy esExc i ,a« i on„ f *eprod„c B at405n r nnowre Suto e„U rel yindonor fluorescence 

25 fo ,dupon p-lactantcleavage. The fluorescence at 5 , 5 nm ,s reducedby 3.5-fold, 
fcerernainingfluorescenceo^^ 

substrate is equivalent .0 an efficiency of fluorescence energy transfer of 96 /.. Tins large 

ectruntofthedyewiththatofaso^^^^^^^^ 

is an idea, donor dye, as virtu* every photon absorbed by the dye undergoes 
fluorescence energy transfer to the acceptor. 

F*anrole 2 - Use of a p Lactamase substrate 

CeHsoffl.eT-celHymphoma.ineJurkat were suspended an isotonic sahne 

• *a\* nn amoe) four times. This causes 
suspension was passed through a synnge needle (30 gauge) four 

.ansien, survivabie disruptions of the cells- plasma m— and allows »try of 
.abeleddextranandNacuunase. Cells Urat had been successfully pernreabrHzed 

fluorogenicNacta-esubstrate^^^ 
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eeUs AU cells <ha. had — up .he marta rhodanrine-dextran appeared fluorescent 
Hue, while cells devoid the enzyme appeared fluorescent green. 

Example 3 -Use of a B Lactamase substrate 

jTlta gene encodes cytosohc (.lactamase lacking any signal sequence and « 
rTTsSmi iOto.hoursafter^ecnonceUswereexposedtoSnucromolar 
-.hours. .ailcasesfluorescenthlueceUsweredetectedon 

were firs, viewed trough coumarin (450DF 65) and then fluorescent (515 
EFLP)enussion filters and pictures were recorded with a charge couple device Ca ™ er ^ 
EF ) . ... frrF2 wed transfected cells (blue) and controls (green) 

Tb. average pixel — s ^2 ,o^ md CHO (Table 3) cells are 

at coumarinandfluoresc=mwavele,,gfhmCOS7(laD , 

■ ed .valuesfor4repre S entativece 1 lsforeachpopu.a«o„areg 1 ven. Tnus,the 

glycol. 
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Table of pixel intensities 
Blue cell 



Table 1 

COS-7 (origin: SV40 transformed African green monkey kidney cells) 

coumarin emission filter Fluorescein emission filter 



Green cell 



#1 


27 


20 


#2 


34 


23 


#3 


31 


31 


#4 


22 


33 


#1 


4 


43 


#2 


4 


42 


#3 


5 


20 


#4 


3 


24 



Table of pixel intensities 
Blue cell #1 
#2 
.#3 
#4 

Green cell #1 
#2 
#3 
#4 



Table 2 

CHO (origin: Chinese hamster ovary cells) 
coumarin emission filter 



Fluorescein emission filter 



98 


112 


70 


113 


76 


92 


56 


67 


9 


180 


9 


102 


7 


101 


9 


83 



Example 4 - Expression of Ga^ and Ga 16 in Cells 

This example illustrates that, although constitutive expression of Ga 15 or Ga 16 at 
high levels is toxic to cells, expression of Go 15 or Go 16 from a gene that is controlled by 
an inducible promoter, is tolerated by the cells. For constitutive or inducible expression 
of Ga 15 or Ga 16 , the genes encoding each of these subunits were placed, separately, under 
the control of a cytomegalovirus promoter in the plasmids P cDNA3Gal5, pcDNA3G«16 
(Vector pcDNA3 available from Invitrogen, Inc., Del Mar, CA.), pdEF-BOSGol5, and 
pdE F-BOSG0I6 (For pd BOSG, see Gossen and Bujard, 1992, Proc. Natl. Acad. Sci. 
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89:5547-5551, also available from Clontech). To construct pdEF-BOSG 15 and pdEF- 
BOSG 16, sequences encoding the G subunit were inserted into pdEFBOS at its EcoRI 
and NotI sites. The plasmid pdEFBOS was derived from pEFBOS by removing the 
Hindlll fragment containing the SV40 Ori (see Mizushima and Nagata, 1990, Nucl. 
Acids. Res . 18). Each of these plasmids was used to transfect COS-7 cells, according to 
conventional protocols, and each plasmid carried a neo gene, which confers resistance to 
G418. As is summarized in Table 3, approximately 150 G418-resistant clones were 
generated, yet none of the clones was able to express a promiscuous G-protein. The 
ability of a cell to express a promiscuous G-protein was determined by Western blot 
analysis using an antibody that binds a peptide having the amino acid sequence 
RPSVLARYLDEINLL (SEQ ID NO: 5) (Amatruda et al., 1991, Proc. Natl. Acad. Sci. 
88:5587-5591). These data show that constitutive expression of a promiscuous G-protein 
under the control of a strong promoter is not tolerated by COS-7 cells. Constitutive 
expression of promiscuous G proteins at high levels may lead to constant accumulation of 
inositol phosphates or metabolites, which may be toxic to cells. 



Table 3 



High-Level Constitutive Expression of Promiscuous G-Proteins is not Tolerated 



Construct 


Selection 


G418-resistant 
clones picked 


Clones expressing Gct 15n6 


PcDNA3Gal5 


G418 


53 


0 


PcDNA3Gctl6 


G418 


48 


0 


pdEF-BOSGal5 


G418 


36 


0 


pdEF-BOSGa!6 


G418 


19 


0 



The data summarized herein indicate that, although cells may not tolerate 
constitutive expression of promiscuous Get proteins at high levels, they can tolerate 
expression of promiscuous Get proteins from an inducible promoter. In this case, the 
genes for Gct I5 and Got l6 were placed under the control of a cytomegalovirus (CMV) 
promoter that was operably linked to a heptamerized tet operator (Gossen and Bujard, 
1992, Proc. Natl. Acad. Sci. 89:5547-5551). The plasmid encoding Got and; the plasmid 
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encoding G<x 16 are identical, except sequences encoding Ga 16 in lieu of Ga 15 . These 
plasmids were used to transfect COS-7 cells. These cells were co-transfected with a 
tetracyclin-dependent transactivator, rtTA, that is operably linked to a CMV promoter of 
a plasmid that carries a neomycin resistance gene (Gossen et aL, 1995, Science 268:1766- 
1769). 

Expression of the Ga genes was induced by contacting the cells with doxycyclin, 
a tetracyclin analog. In these experiments, the doxycyclin concentration was 3g/ml, 
although doxycyclin concentrations ranging from 0.01 to 10 u7ml can be used in order to 
regulate the level of gene expression. Of 17 hygromycin-resistant clones that were 
analyzed, 2 clones showed doxycyclin-dependent expression of Ga I5 or Ga 16 by Western 
blot analysis as described above. Fig. 3 illustrates that, in the presence of doxycyclin, 
expression of Ga I5 or Ga I6 is detectable as a band of approximately 43 kDa. This 
expression system provides low levels of constitutive expression of Ga 15 or Ga 16 (e.g., 
less than 100 Ga proteins/cell), yet expression of the Ga protein is highly inducible. Up 
to 10,000 Ga proteins/cell are produced upon induction of gene expression. As a control, 
COS-7 cells that lacked the Ga gene were analyzed, and Western blot analysis indicated 
that the control cells did not express Ga 15 or Ga 16 . In sum, these experiments 
demonstrate that stable cells can be produced by employing an inducible promoter that 
provides (a) low levels of constitutive expression (i.e., producing less than approximately 
100 Ga proteins/cell), and (b) high levels of induced expression (i.e., producing 
approximately 10,000 Ga proteins/cell). 

Example 5 - Detection of Ga Protein Activity by Detection of Fluorescence Emission 

These examples demonstrate that activation of a Ga protein in a cell, and a 
change in expression of a reporter gene, can be detected by a detecting a change in 
fluorescence emission of a sample that includes the cell. These examples employ Jurkat 
T lymphocytes that were transfected with a genetic construct that expresses a reporter 
gene. The genetic construct includes a NF AT promoter, which is responsive to increased 
calcium levels and protein kinase C activation that result from activation of Ga protein. 
The NFAT promoter was operably linked to a pMactamase reporter gene. To detect 
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expression of the reporter gene, and thereby detect activation of Go, the cells were 
contacted with the (J-lactamase substrate CCF2ac 2 /AM 2 (described herein), and 
fluorescence emission was detected according to previously described methods (Tsien et 
al., 1993, Trends in Cell Biology 3:242-245). 

Two different compounds, ionomycin and phorbol myristate acetate (PMA), were 
used to optimize detection of expression of the reporter gene in these examples. In the 
first example, the dose response to ionomycin was measured. In this example, a set of 
samples of cells were contacted with PMA (at 3nM) and the calcium ionophore 
ionomycin (at various concentrations, ranging from 0 to 3.0uM). Ionomycin increases 
calcium levels inside of the cells, and thereby increases the probability that activation of a 
G-protein, and a G-protein-mediated increase in calcium levels, will activate expression 
of a reporter gene (e.g., a P-lactamase gene) that is operably linked to a calcium- 
responsive promoter (e.g., a NFAT promoter). 

In practicing these methods, it is preferable to add the ionophore to a level that is 
just below the threshold level for activation of the calcium-responsive promoter (e.g., the 
NFAT promoter). Expression of the reporter gene then is activated by activation of the 
Ga protein, arid the subsequent rise in intracellular calcium levels. As is illustrated in 
Fig.4A, fluorescence emission from a sample of the aforementioned cells can be 
measured by FRET. In this example, fluorescence emission was measured approximately 
90 minutes after stimulation. Because the fluorogenic p-lactamase substrate undergoes a 
shift in fluorescence emission, fluorescence emission is measured as an emission ratio 
(450/530) when exciting at 400nm. This figure also illustrates that an ionomycin 
concentration of approximately 0.3uM is preferable for increasing the intracellular 
calcium level to a level that is just below the threshold level for activation of the calcium- 
responsive promoter. 

In a second example, the dose response of PMA required to stimulate NFAT- 
driven expression was measured. Although PMA does not, by itself, affect NFAT- 
regulated gene expression, it potentiates a cell's response to an increase in calcium levels. 
In this example, a set of cells was treated with ionomycin (at luM ionomycin) and PMA 
(at various concentrations, ranging from 0 to 30nM). As above, fluorescence emission 
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was measured 90 minutes after stimulation. As is illustrated in Fig. 4B, increasing 
concentrations of PMA increased fluorescence emission from the cell sample. Thus, 
treating the cells with PMA enhances detection of expression of the reporter gene. This 
example also illustrates that a PMA concentration of approximately 3nM is preferable for 
enhancing detection of expression of a reporter gene. 

Example 6 - Monitoring Activation and Inhibition of GPCR activity with an NFAT 

P-Lactamase Assay 

This example demonstrates that activation of a GPCR (Gq receptor subtype) can 
be detected with an NFAT P -lactamase assay, which is an example of signal transduction 
detection system based on a calcium-responsive promoter transcription based assay. 
Stable cell line (production of described herein) containing Gq-type GPCR receptor 
expresses (^-lactamase in response to the addition of the agonist. The Gaq protein was 
endogenously expressed. This response is inhibited by an antagonist. Jurkat clones 
expressing NFAT-pMa were transfected with expression vectors containing the Gq 
receptor and neomycin resistance gene (double transfection). The transfected population 
was neo-selected and sorted by FACS for clones responding to the GPCR agomst. For 
the experiments shown, cells were stimulated for three hours with the indicated ligands. 
Cells were then loaded with p-lactamase substrate CCF2/ac2AM for 1 hour, washed, 
dispensed into wells of a microtiter plate (100,000 cells/well) and the blue/green ratio was 

recorded by a plate reader. 

FIG. 6 demonstrates a twenty-fold change in signal upon receptor activation with 
an agonist (saturating dose lOOuM). A receptor antagonist (lOuM) completely inhibited 
the agonist activation of the receptor. 

Example 7 - Monitoring Activation of GPCRs with a Calcium Dye (transiently 
transfected cells) 

This example demonstrates that activation of GPCRs (Gs and Gi receptor 
subtypes) can be detected with an intracellular calcium indicator transiently transfected 
cells, which is an example of a signal transduction detection system based on changes in 
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intracellular ions. The cells used were transiently transfected with two constructs. 4X 
10 5 CHO-K1 cells were seeded on 35 mm petri dishes one day before transfection. 5 |ig 
plasmid DNA and 12 ^1 lipofectamine were added for each dish using the stand method. 
In some cases, pBluescripts (-) or KS" plasmid was used to keep the amount of DNA 
consistent between each transfection. 20 h later, the cells were stained with 10 mM Fura- 
PE3 (Molecular Probe) for 3 h. Imaging analysis of calcium was performed to measure 
the [Ca 2+ ] signal mediated by the agonists addition. 

Following imaging data show that the promiscuous Gal6 couples a Gs-receptor 
and a Gi-receptor in CHO-K1 cells following transient transfections. The data also show 
that promiscuous Ga protein can change the effector downstream of the GPCR. Panel A: 
60 seconds after starting of the experiment, 10 uM agonist solution was added to the cells 
transfected by P CIS/Gal6 (CMV promoter) and Gs-receptor (CMV promoter) expression 
plasmids. Panel B: 60 seconds after starting of the experiment, 10 |iM agonist solution 
was added to the cells transfected by pCIS/Ga 16 alone. Panel C: 60 seconds after 
starting of the experiment, 10 uM agonist solution was added to the cells transfected by 
Gs receptor expression plasmid alone. Panel D: 60 seconds after starting of the 
experiment, 10 uM agonist solution was added to the cells transfected by P CIS/Gal6 and 
Gi-receptor expression plasmids. Panel E: 60 seconds after starting of the experiment, 10 
uM agonist solution was added to the cells transfected by pCIS/Ga 16 alone. Panel F: 60 
seconds after starting of the experiment, 10 uM agonist solution was added to the cells 
transfected by Gi-receptor expression plasmid alone. 

Example 8 - Monitoring Activation of a GPCR with a Calcium Dye (stably 
transfected cells) 

This example demonstrates that activation of a GPCR (Gs receptor subtype) can 
be detected with an intracellular calcium indicator in stably transfected cells, which is an 
example of a signal transduction detection system based on changes in intracellular ions. 
The cells used were transiently stably with two constructs. Although many cells do not 
tolerate stable expression of promiscuous Ga protein, such as described herein, 
surprisingly even cells thought not to tolerate stable expression of promiscuous Ga 
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protein can be sorted using a signal transduction detection system. Such sorting can be 
performed with a high throughput sorting system, such as a FACS or 96 well imaging 
system. Typically, the frequency of usable stable cells is about 1 to 2 percent of those 
cells screened. Functional assay selection of promiscuous Get protein/GPCR double 
transfected cells is a preferred method of identifying cells that either tolerate, or 
express the proper amounts, of promiscuous Get protein and a GPCR. 

Stable CHO-K1 cell lines expressing Gal5-Hyg alone, the Gs-receptor-Neo alone 
and both the Gal 5 (CMV promoter) and the Gs receptor (CMV promoter) (double 
transfection), were generated. 48 h after transfection (described herein for the method of 
lipofectamine-mediated transfection), media containing Hygromycin (0.5 mg/ml), 
Neomycin (1 mg/ml) or both were added on to the cells to select the stable transformants. 
12-15 days after selection, the stable clones were examined using the calcium imaging 
assays. 

The following imaging data show that the promiscuous Gal 5 couples a Gs- 
receptor in CHO-K1 cells following stable cell line generation. The data also show that 
promiscuous Ga protein can change the effector downstream of the GPCR. 
Panel A: Calcium imaging of the Gal5/Gs-receptor dual stable clone-2. 10 agonist 
was added 40 seconds after the starting of the experiment. Panel B: Calcium imaging of 
the Gs-receptor stable clone -2. 10 |iM agonist was added 40 seconds after the starting of 
the experiment. Panel C: Calcium imaging of the Gal5 stable clone-H. 10 agonist 
was added 40 seconds after the starting of the experiment. 

Although the invention has been described with reference to the presently 
preferred embodiments, it should be understood that various modifications can be made 
without departing from the spirit of the invention. Accordingly, the invention is limited 
only by the following claims. 
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